is often not feasible in children and adolescents, thus field tests such as the Andersen test are required in many settings, for example in most school-based studies. This study provides cross-validated prediction equations for VO 2peak based on the Andersen test in 10 and 16-year-old children. We included 235 children (n = 113 10-year olds and 122 16-year olds) who performed the Andersen test and a progressive treadmill test to exhaustion to determine VO 2peak . Joint and sex-specific prediction equations were derived and tested in 20 random samples. Performance in terms of systematic (bias) and random error (limits of agreement) was evaluated by means of Bland-Altman plots. Bias varied from −4.28 to 5.25 mL/kg/min across testing datasets, sex, and the 2 age groups. Sex-specific equations (mean bias −0.42 to 0.16 mL/kg/min) performed somewhat better than joint equations (−1.07 to 0.84 mL/ kg/min). Limits of agreement were substantial across all datasets, sex, and both age groups, but were slightly lower in 16-year olds (5.84-13.29 mL/kg/min) compared to 10-year olds (9.60-15.15 mL/kg/min). We suggest the presented equations can be used to predict VO 2peak from the Andersen test performance in children and adolescents on a group level. Although the Andersen test appears to be a good measure of aerobic fitness, researchers should interpret cross-sectional individual-level predictions of VO 2peak with caution due to large random measurement errors.
Measurement of aerobic fitness by determining peak oxygen consumption (VO 2peak )
is often not feasible in children and adolescents, thus field tests such as the Andersen test are required in many settings, for example in most school-based studies. This study provides cross-validated prediction equations for VO 2peak based on the Andersen test in 10 and 16-year-old children. We included 235 children (n = 113 10-year olds and 122 16-year olds) who performed the Andersen test and a progressive treadmill test to exhaustion to determine VO 2peak . Joint and sex-specific prediction equations were derived and tested in 20 random samples. Performance in terms of systematic (bias) and random error (limits of agreement) was evaluated by means of Bland-Altman plots. Bias varied from −4.28 to 5.25 mL/kg/min across testing datasets, sex, and the 2 age groups. Sex-specific equations (mean bias −0.42 to 0.16 mL/kg/min) performed somewhat better than joint equations (−1.07 to 0.84 mL/ kg/min). Limits of agreement were substantial across all datasets, sex, and both age groups, but were slightly lower in 16-year olds (5.84-13.29 mL/kg/min) compared to 10-year olds (9.60-15.15 mL/kg/min). We suggest the presented equations can be used to predict VO 2peak from the Andersen test performance in children and adolescents on a group level. Although the Andersen test appears to be a good measure of aerobic fitness, researchers should interpret cross-sectional individual-level predictions of VO 2peak with caution due to large random measurement errors.
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| INTRODUCTION
High aerobic fitness is consistently associated with a favorable metabolic risk profile in children 1, 2 and can together with fatness be applied to identify children with clustering of cardiovascular disease risk factors. 3 Maximal or peak oxygen consumption (VO 2peak ) measured to voluntary exhaustion is regarded the gold standard for determining aerobic fitness, but is often not feasible for testing large samples of children. Therefore, a range of maximal and submaximal measures exists, 4 of which 2 highly used tests in children are the 20-m multistage shuttle run test (MSRT) 5, 6 and the Andersen test. 7, 8 Compared to the MSRT, the Andersen test may be particularly suitable for children, as it relates closer to children's natural intermittent running pattern, and as it does not exclude and stigmatize children having poor fitness. Regarding measurement properties, both tests seem to perform well in terms of reliability, [7] [8] [9] but have certain limitations when it comes to prediction of VO 2peak.
8,10,11
We have previously evaluated the measurement properties of the Andersen test in 10-year-old children, concluding an overall good performance in this group. 8 Yet, the study had 2 limitations. First, we only included 10-year-old children, meaning that the equation suggested for VO 2peak might not be valid in other age groups. Increased work economy as children age is a clear candidate to affect this relationship, 12 despite no as we found a small learning effect and reduced random error from test 1 to test 2 (mean bias ± limits of agreement [LoA] 27 ± 125 m, r = .82), but similar performance for test 2 and test 3 (3.9 ± 89 m, r = .92), we argued that future studies should undertake 2 tests and use the better performance for analysis. Thus, the prediction equation for VO 2peak was suggested on this basis. However, in large population-based studies using the Andersen test, [13] [14] [15] it might not be feasible to conduct 2 tests. Because the test is subject to both systematic and random error, applying the previously suggested equation established for the better of 2 tests, will likely lead to biased prediction estimates when applied to the first (one and only) test. For the better measure, systematic error will lower the intercept (as a better Andersen performance is related to the same VO 2peak ), whereas less random error will cause a steeper slope (and a lower intercept), because of less inflation of the regression coefficient due to regression dilution bias. 16 Such an effect has previously been shown for the MSRT. 17 Therefore, the aim of this study was to evaluate the performance of the previously suggested prediction equations for VO 2peak based on the Andersen test 7, 8 in 16-year-old children whose VO 2peak were determined from a maximally graded treadmill protocol. We hypothesized that (a) new equations would be needed to fit the joint sample of 10-and 16-year-old children, but that joint equations could be established across the age groups, as previously suggested, 7 and that (b) equations based on 1 test would provide lower slopes and higher intercepts than when using the best of several tests.
| MATERIALS AND METHODS

| Participants
We included 2 convenience samples for the current analyses; 1 in 10-year-old children 8 and 1 in 16-year-old children.
Both samples were recruited from the general population of schoolchildren in the rural county of Sogn og Fjordane, in the western part of Norway. 10-year-old children: We invited all 121 children attending fifth grade at 1 school over 2 consecutive school years (2012-2014) to participate in the study. A total of 118 children (67 boys and 51 girls; 58 during 2012-2013 and 60 during 2013-2014) were included in the study.
16-year-old children: We included children at 2 schools during 2014-2015 recruited to a 5-year follow-up of the Sogndal School Intervention Study. 18 Of the 247 children originally included in the intervention study, 241 provided consent for the follow-up study. The relevant school authorities were invited to take part in the studies, and provided their consent, before children and their parents were given thorough oral and written information regarding the study protocol. Each child orally agreed to participate in the study, and written informed consent was obtained from each child's parent(s)/guardian(s) prior to the child's inclusion in the study. 
| Study protocol
As previously described, the 10-year-old children performed 3 Andersen tests (weeks 1, 3, and 4) and performed 1 incremental treadmill test to exhaustion (week 2) to measure their VO 2peak within 3 weeks. 8 The 16-year olds performed 1 Andersen test (week 1) and 1 VO 2peak test (week 2). For the purpose of the present analyses, we applied the first and the best of 3 Andersen tests in 10-year-old children to explore the differences between these 2 approaches in this age group only. For establishing equations in the joint sample of 10-year olds and 16-year olds, we used the 10-year olds' first test. The Andersen test was performed according to standard procedures. 7 Two parallel lines 20 m apart were marked in a gym hall with a wooden floor. We informed the children about the procedures and performed a collective 5-minute warm-up before the test. The test has a total duration of 10 minutes, where children run from one end line to another in a to-andfro movement intermittently, with 15-second work periods and 15-second breaks signaled by the test leaders blowing a whistle. When the children finished one 15-second period of work, they were instructed to stop as fast as possible and to take 1-3 steps back, depending on how fast they were able to stop. Each time the children turned around at an end line, they had to touch with 1 finger the floor behind the end line. The goal was to cover the longest possible distance during the 10-minute run. The distance covered (number of laps performed) was recorded by adult test assistants who counted for 1 or 2 children each. We tested 15-20 children per test. The gym hall was 18-m wide, giving each child a lane of about 1 m. VO 2peak was measured to exhaustion using an incremental treadmill test. The treadmill's inclination (Woodway PPS 55; Woodway GmbH, Weil am Rhine, Germany) was constant at 5.3% during the test. Children started to walk at 5 km/h for 5 minutes. Thereafter, the speed increased by 1 km/h each minute until the children were exhausted. Oxygen consumption was measured using the Moxus Modular Metabolic System (AEI Technologies Inc., Pittsburgh, PA, USA). A 2-point gas calibration according to known concentrations and calibration according to atmospheric pressure were performed each test day. Volume calibration of the breathing valve (Hans Rudolph model 2700; Hans Rudolph Inc., Shawnee, KS, USA) was performed between each test using | AADLAND et AL. a 3-l syringe (Series 5530; Hans Rudolph). The oxygen analyzer has shown to be reliable and valid compared to the Douglas-bag technique. 19 The child and parent(s)/guardian(s)
were informed of test procedures before testing, and the child's parent(s)/guardian(s) were allowed and encouraged to observe the testing. After each test, test leader and associates discussed several subjective criteria to verify a near maximal performance: hyperpnoea, unsteady running pattern, and verbal and body language clearly indicating that the child wanted to stop testing despite repeated strong verbal encouragement. Additionally, the peak respiratory exchange ratio (RER peak ) and heart rate (HR peak ) (Polar S610i HR monitor; Polar Electro OY, Kempele, Finland) were noted.
The VO 2peak is presented as absolute (L/min) and relative values (mL/kg/min), each of which is defined as the highest set of 2 successive 30-second measurements. Height and body weight were measured without shoes and socks before the children started the VO 2peak test. Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer. Body weight was measured to the nearest 0.1 kg (subtracting 0.2 kg for light clothes) using an electronic scale (Seca 770; SECA GmbH, Hamburg, Germany). Body weight was used as a continuous variable in the statistical analyses. To report descriptive statistics, children were also categorized as normal weight, overweight, or obese according to the criteria set by Cole et al. 17 
| Statistical analyses
The anthropometric subject characteristics and data on VO 2peak and the Andersen test are presented as the mean values and standard deviations (SD). Before evaluating performance of prediction equations in 16-year-old children, we reanalyzed a sample of 10-year olds having 3 valid Andersen tests and a valid VO 2peak test (n = 100). To test for the impact of establishing (using the first vs the best of 3 Andersen tests) and predicting VO 2peak (using the first vs the best of 3 Andersen tests) applying equations based on different Andersen tests, we evaluated the performance of these approaches by determining the bias toward measured VO 2peak .
Performance of prediction equations for VO 2peak using the Andersen test was assessed using linear regression and BlandAltman plots with LoA in 3 steps. To develop new equations to predict VO 2peak from the Andersen test, we randomly split our total joint sample of 10-year olds and 16-year olds in two to perform a cross-validation of our new equations in an independent dataset. The random draw was stratified for age and sex, leaving 119 children in the training dataset (n = 37 15-year-old boys, n = 25 15-year-old girls, n = 33 10-year-old boys, and n = 24 10-year-old girls) from which the equations were developed, whereas the other half served as the testing dataset (n = 116). We repeated this process 20 times to evaluate stability and variability, meaning that all cross-validation results are based on the performance over 20 different training and test datasets. We developed and tested 6 different equations. As in the previous study in 10-year olds, we included the Andersen test, body mass, and sex in the equation (VO 2peak = a + b × Andersen distance + c × sex + d × body weight, [boys = 0; girls = 1]). 8 As body mass might not be available in some settings, but is highly correlated with age, we also tested a model including age instead of body mass (VO 2peak = a + b × Andersen distance + c × sex + d × age, [boys = 0; girls = 1]). Prior to splitting the sample, we tested whether a sex-specific association was indicated for these models by adding the interaction term Andersen test × sex to the models described above. As expected, a sex-specific association with the Andersen test was indicated for both models (Andersen test × sex P = .025 in the model for body mass and P = .090 in the model for age). Thus, we cross-validated models for body mass and age for boys and girls in joint (joint equations) and in separate groups (sex-specific equations). The predicted and measured VO 2peak were then compared in the testing datasets by calculating the mean as well as minimum-maximum bias (ie, systematic error), LoA (ie, random error, LoA = SD of the differences × 1.96), explained variance (R 2 ), and standard error of the estimate (SEE) over the 20 cross-validation models. 20 (c) Finally, we calculated new equations based on the whole sample (n = 235). All equations are reported as regression coefficients, with its R 2 and SEE.
All analyses were performed using IBM SPSS v. 23 (Software Group; IBM Corporation, Somers, NY, USA). A P-value <.05 indicated statistically significant findings.
| RESULTS
| Children's characteristics
Numbers of children were relatively similar among 10-year olds (n = 113) and 16-year olds (n = 122), but there was an overweight of boys (n = 139) compared to girls (n = 96) ( Table 1 ). Children were mainly of Caucasian origin. All variables differed between the 10-and 16-year-old boys (P < .001), whereas all variables but VO 2peak (mL/kg/min) (P = .814) differed between the 10-and 16-year-old girls (P < .001). Boys exhibited higher aerobic fitness compared to girls in both age groups, but differences were much greater in 16-year olds (P < .001) compared to 10-year olds (P ≤ .048). The 16-year-old girls were somewhat heavier than the 16-year-old boys (P = .029); boys and girls were otherwise similar within each age group. Beside a somewhat lower RER peak in 10-year-old boys compared to 16-year-old boys (P = .003) and 10-year-old girls (P = .035), the effort on the VO 2peak test was similar across age and sex groups.
The numbers of children that provided data for the analyses are shown in Figure 1 . In 10-year olds, some children could not perform the Andersen tests for being sick or out of school. Valid tests were obtained in 113 (test 1), 112 (test 2), and 112 (test 3) children. All the 113 children providing valid data on directly measured VO 2peak on the graded treadmill protocol (2 children did not perform the test, 1 child was excluded for not performing a maximal test, and 2 children were excluded due to technical errors) provided valid data on the first Andersen test, whereas 100 children provided valid data on all Andersen tests. Thus, 100 children were included in the analysis of performance of different equations in the 10-year olds only, whereas 113 children were included in the main analyses.
In the 16-year olds, we did not manage to perform the Andersen test in 1 class (n = 63 children) for scheduling 
| Performance of equations using different Andersen tests in the 10-year-old children
In the sample of 10-year olds, the prediction equations derived when using the first Andersen test and the best of 3 Andersen tests differed in their intercepts and slopes for the Andersen test. Equations derived from and applied to the same test (ie, derived from test 1 and applied to test 1; derived from the best of 3 tests and applied to the best of 3 tests) resulted in estimates of VO 2peak similar to the measured values. On the contrary, the equation derived from the first test but applied to the best of 3 tests overestimated VO 2peak , and the equation derived from the best of 3 tests but applied to the first test underestimated VO 2peak (Table 2 ).
| Performance of previously suggested equations in 16-year olds
The bivariate relationships between the Andersen tests and VO 2peak were r = .67 in the overall sample, and r = .68, r = .51, r = .59, and r = .74 in 10-year-old boys, 10-year-old girls, 16-year-old boys, and 16-year-old girls, respectively. The equations to predict VO 2peak suggested by Andersen et al 7 and Aadland et al 8 were clearly inadequate to predict VO 2peak in the 16-year olds ( Figure S1 ). 
| Development of new equations
To develop new equations to predict VO 2peak from the Andersen test, we initially split our sample in 2 groups (a training dataset including 119 children and a testing dataset including 116 children) to perform 20 cross-validations of our equations in independent datasets. Model fit in the training datasets for equations including body mass was (4.78-6.08) mL/kg/min in girls. The bivariate correlation between body mass and age was r = .80.
| Cross-validation performance
Mean values were close to identical between predicted and measured VO 2peak for all equations, but with substantial variation between test datasets (Table 3, Figure 2 ). Mean systematic bias were somewhat larger in joint equations (mean 
T A B L E 2 Biases when estimating
equations and predicting VO 2peak from the first Andersen test vs the best of 3 Andersen tests in 10-year-old children −1.07 to 0.84 mL/kg/min) than in sex-specific equations (mean −0.42 to 0.16 mL/kg/min). There was otherwise no specific pattern of bias between age or sex groups. Equations using body mass and age performed very similarly. Yet, bias differed approximately 0-2 mL/kg/min between children performing below (generally overestimated VO 2peak ) vs above (generally underestimated VO 2peak ) median Andersen performance (Table S1 ). Random error (ie, LoA, R 2 and SEE) was somewhat lower for equations using body mass compared to age (Table 3 , Figure 3 ). Moreover, random error was lower in 16-year olds than in 10-year olds, and lower in girls compared to boys, especially in 16-year olds. For sex-specific equations using body mass and age, respectively, LoA amounted to 22 and 24%, 24 and 26%, 17 and 17%, and 15 and 18% of the mean VO 2peak for 10-year-old boys, 10-year-old girls, 16-year-old boys, and 16-year-old girls.
As bias was less in sex-specific equations than for the equations constructed in the dataset including both boys and girls due to the interaction with sex, we established new sex-specific equations for the whole sample of boys (n = 139) and girls (n = 96) separately (Table 4) .
| DISCUSSION
We found that previously suggested equations for prediction of VO 2peak based on the Andersen test provided biased estimates in the 16-year-old children. Moreover, VO 2peak should be predicted on the same assumptions that were the basis for the development of the equations to avoid biased estimates, meaning that one should be aware whether one or the best of several tests were used for equation development. Therefore, we suggest 2 new sex-specific equations to predict VO 2peak from 1 Andersen test based on a joint sample of 10-year olds and 16-year olds. Importantly, this age-span cover the period before and after the most pronounced maturational developments, lending credit to the usefulness of the suggested equations in the vast majority of schoolchildren. Although the equations can be used to predict VO 2peak for groups of provided biased estimates of VO 2peak in 10-year-old children, 8 we found that both previous equations 7, 8 provided biased estimates of VO 2peak in 16-year-old children. This finding also extends to external validations of different equations for the MSRT in children and youth 10, 11, 21, 22 as well as in adults. 23, 24 Given the inherent variation among often small and homogeneous samples from which equations are derived and tested, measurement error in the determination of VO 2peak, 25, 26 and variation in execution of protocols, biased predictions are expected. However, the amount of bias in these studies (± approximately 0-8 mL/kg/min) is rather similar to the bias previously found among test centers in a multisite study 27 and biases found in the 20 cross-validations performed in the current study (± approximately 0-5 mL/kg/min), relying on more similar methodology. These findings clearly show that prediction of VO 2peak should be performed with caution. Yet, the final equations suggested are based on twice the sample size as the cross-validated equations, thus we would expect improved performance in future settings. Our findings also reveal that the precision in determining the Andersen test performance and thus measurement error introduce a systematic bias. As previously shown for 3 repeated MSRT tests, 17 using the better of 3 Andersen tests compared to the first test improved the relationship between the Andersen test and VO 2peak in the 10-year-old children (ie, the slope for the Andersen test steepened). This implies that the prediction equation improves as noise in the independent (x) variable(s) and thus regression dilution bias decrease. 16 A learning effect, as previously shown in this sample of 10-year olds, 8 will further influence the equation (ie, the intercept). Still, we show in the present study that the "optimal" equation is not necessarily the equation with the best external validity. Contrary to measures of for example muscle strength, motor skills, anthropometry, or blood pressure, where one might easily perform several measurements and apply the average or the best result for analysis, conducting several measurements of aerobic fitness is often not feasible. Our findings demonstrate that the prediction equation should be developed from and applied to the same test situation, that is, using the first (one and only) test, or the best of 2 or more tests, to avoid systematic under or overestimation. Importantly although, an equation based on a poor test (ie, where the slope is attenuated toward the null) will cause a systematic underestimation of VO 2peak in the most fit and an overestimation of VO 2peak in the least fit, as indicated in the present study for the Andersen test and previous studies using the MSRT. 10, 11 To this end, we also compared the bias in estimates of VO 2peak between the children exhibiting an Andersen test performance below vs above the median level. This analysis showed the expected trends, but indicated minor biases in both groups (up to ± approximately 1 mL/kg/min for sex-specific equations). While Leger et al 6 in their original MSRT-equation included age, later equations for the MSRT have included sex, in addition to age and/or a measure of body fat, [28] [29] [30] with no obvious differences in performance. 10, 11 Andersen et al 7 included only the Andersen distance and sex in their original equation, whereas we added body mass in the previously suggested equation in 10-year olds. 8 In the present study, we found that equations including body mass and age (separately) performed similarly with regard to bias, indicating they can be used interchangeably. However, F I G U R E 2 Cross-validation predicted-measured mean ± 1.96 SD bias in the 20 testing datasets equations using body mass provided marginally lower LoA across all sex and age groups. The strong association between body mass and age in children and youth (r = .80 in the present study) underpins the similar performance. Arguably, though, consistent with previous conclusions with regard to both the Andersen test 8 and the MSRT, 10, 11 considering the large random error, neither of the equations are suited to predict VO 2peak on an individual level, in which case errors of ± 10-15 mL/kg/min should be expected. Thus, we suggest predicting VO 2peak on an individual level from indirect tests is a praxis to avoid. Yet, because there is currently no available reference material for the Andersen test, predicting VO 2peak could be relevant for clinical purposes. Because the Andersen test is relatively easy to perform in large samples and together with fatness provide a good measure of metabolic health status,
| PERSPECTIVE
Each researcher must ultimately decide whether a measurement tool is reliable and valid, given the purpose of the study. 31 Given the high reliability of the field tests discussed herein, [7] [8] [9] and their obvious face validity given their strain induced upon the cardiorespiratory and muscular systems, we argue these tests are well suited to assess aerobic fitness in a range of settings, despite evidence of moderate associations with VO 2peak . Actually, most evidence linking aerobic fitness to health is based on performance measures, as exemplified by the most influential study cohort in terms of establishing aerobic fitness as a strong predictor of longevity, the Cooper Center Longitudinal Study, [32] [33] [34] which relies on performance on the Balke protocol. 35 When compared to each other, directly measured VO 2peak and various performance measures have been shown to be of similar predictive value regarding mortality 36, 37 and sport performance. 38, 39 Moreover, when compared in the present sample of 10-year olds, the Andersen test shows the strongest relationship with metabolic health. 40 Thus, we do not regard the present study an investigation of validity, but rather to what extent both measures can be used, and results expressed, in a common metric for aerobic fitness.
| Strengths and limitations
The present study has 2 main strengths. First, we included a relatively large sample of 10-year-old and 16-year-old children (total n = 235 children), thus, overcoming the limitation of the previous investigation including 10-year olds only. 8 By doing so, we included children on both shoulders of puberty. Second, we performed a thorough cross-validation deriving and applying 20 different equations to independent datasets. This approach gives a solid picture of the stability and variability of our prediction equations when applied to new samples. The variability of results for both systematic and random error indicates a certain variation over datasets that is not captured by performing one cross-validation only. Yet, a limitation is that our test datasets were not fully independent, as the children composing both the training and test datasets came from the same sample and performed the tests under the same conditions. Thus, the equations suggested might perform worse in other contexts, calling for further external validation studies in new settings and with new samples of children. Nevertheless, considering the double sample size for the final equations compared to the training equations, we believe future performance will be within the variability of estimates shown herein.
| CONCLUSIONS
We conclude that previously suggested equations for prediction of VO 2peak based on the Andersen test 7, 8 were insufficient when applied to 16-year-old children. We therefore suggest new sex-specific equations to predict VO 2peak based on a joint sample of 10-year olds and 16-year olds. This age-span cover the vast majority of middle-school children and high-school adolescents, lending credit to the usefulness of the suggested equations in many pediatric study settings. Yet, our findings add to the literature showing that prediction of VO 2peak should be given considerable thought and be performed with caution. Although the Andersen test appears to be a good measure of aerobic fitness, researchers should interpret cross-sectional individual-level predictions of VO 2peak carefully due to large random measurement errors.
